The larval stage of Amblyomma oblongoguttatum Koch is redescribed using optical and scanning electron microscopy. Unfed larvae were obtained from a colony of A. oblongoguttatum originated from engorged females collected on domestic pigs from Monte Negro municipally (10°29'S, 63°32'W), State of Rondônia, Western Amazon, Brazil. Several characters are presented including the chaetotaxy of the idiosoma, palpi and Haller's organ, as well as morphological features of the idiosoma, gnathosoma and legs. In addition, the porotaxy (topographical and numerical patterns of integumentary structures) were presented by using a new nomenclature recently proposed. The chaetotaxy of the larvae of A. oblongoguttatum, in general, is similar to other Neotropical Amblyomma species. Three types of integumentary structures were observed on the idiosoma: lyrifissures, small glands, and large wax glands. Topographic and numerical patterns of the integumentary structures consisted of 5 pairs of large wax glands (1 dorsal/ 4 ventral), 24 pairs of lyrifissures (11 dorsal/ 13 ventral), and 49 pairs of small glands (28 dorsal/ 21 ventral). These topographic and numerical patterns found for A. oblongoguttatum show only minor differences when compared with patterns of other Amblyomma larvae, however, a few key features can be used for identification of these species.
Introduction
A total of 59 Amblyomma species are recorded from the Neotropical region, of which 30 are considered established in Brazil (Dantas-Torres et al. 2009 ). Morphological descriptions for these Neotropical Amblyomma species have been published for the adult stage but are seldom available for immature stages, with the exception of an illustrated key for nymphs from Brazil (Martins et al. 2010) . This oversight occurs because most species are primarily associated with native wildlife, making it difficult to obtain larvae and nymphs from females correctly identified through field collections.
Morphological description of immature tick stages is fundamental to studies of tick ecology and disease relationships, since the correct identification of immature stages, and the specific host species, are important points in the epidemiology of tick-borne disease. In tick morphology, including the genus Amblyomma, some integumentary structures such as setae and pores have been used in systematic studies of larvae (Dinnik & Zumpt 1949; Nawar & Madbouly 1985; Klompen et al. 1996; Barbieri et al. 2007) . Sensory setae are the most studied integumentary structure, however their topographical distribution is highly conserved among Neotropical Amblyomma species; therefore these setae are of poor systematic value for specific level comparisons (Barbieri et al. 2007) .
Some authors have utilized the integumentary pores distributed on the idiosoma of the larvae for specific identification of ticks. On the larval idiosoma there are three types of the pores: lyrifissures, small glands, and large wax glands. These structures form topographical and numerical patterns that are intraspecifically stable and also less variable between species of the same genus; therefore they can be used to identify the larval stage to species (Barbieri et al. 2007) . Recently, Barbieri et al. (2007) proposed a new nomenclature for integumentary pores based on the larval porotaxy of four Neotropical Amblyomma species, and described the larvae of Amblyomma ovale Koch (Barbieri et al. 2008a) and Amblyomma pacae Aragão (Barbieri et al. 2008b ) based on this new methodology, which was an adaptation of a methodology previously proposed by Klompen et al. (1996) .
The tick Amblyomma oblongoguttatum Koch is distributed from Mexico to northern Brazil and is also found in central-western, southeastern and southern Brazil ). This species is found parasitizing tapirs, jaguars, domestic dogs, wild and domestic pigs, and humans (Labruna et al. 2005; Guglielmone et al. 2006) . The larval stage of A. oblongoguttatum was described by Nutall (1912) under the name of Amblyomma darlingi, considered later as a synonym; therefore, the present study redescribes the morphology of the larva of A. oblongoguttatum by means of conventional light and scanning electron microscopy, emphasizing chaetotaxy and porotaxy.
Material and methods
Ticks used in this study were from the progenies of three engorged females of A. oblongoguttatum collected on domestic pigs from Monte Negro municipally (10°29'S, 63°32'W), State of Rondônia, Western Amazon, Brazil. The females were determined to species using the keys and redescriptions of Robinson (1926) , Aragão and Fonseca (1961) , and Onofrio et al. (2006) .
The females oviposited under laboratory conditions (27±1°C, 80 ±10% RH) in BOD, and the egg masses were individually placed in modified disposable syringes. After all the larvae had hatched, a sample of 30 individuals was kept without meal for 15 days, so that the consolidation of the exoskeleton took place. The specimens were subsequently placed in water at 70 ± 10°C and preserved 70% ethanol. From these, 15 were prepared for light microscopy, as previously described by Barbieri et al. (2007) , and another five specimens were processed for scanning electron microscopy according to the method proposed by Keirans et al. (1976) .
Larval chaetotaxy terminology is that of Clifford and Anastos (1960) , Hess and Vlimant (1983) and Wooley (1983) . For porotaxy we have used the nomenclature proposed by Barbieri et al. (2007) . For determination of the frequency of integumentary structures, each idiosomal side (left and right) was analyzed independently, according to Klompen et al. (1996) .
Larval illustrations and measurements were made using a Leica DM 1000 light microscope equipped with a drawing tube and both ocular and slide micrometers. All measurements are given in millimeters. The average is followed by the standard deviation and the interval represents a sample of 15 specimens.
For scanning electron microscopy four larvae were dehydrated for 30 minutes in each of the following concentrations of alcohol: 70%, 80%, 90% and 100% (three times). They were then kept in acetone until undergoing critical point drying. Micrographs were taken using a Digital Scanning Microscope ZEISS/LEO 440 from the Laboratório de Microscopia Eletrônica do Museu de Zoologia da Universidade de São Paulo. Two larval specimens were deposited in the Acari Collection of the Instituto Butantan (IBSP 9689), São Paulo, Brazil. (Fig. 8) . Eyes slightly bulging and shallow; cervical grooves distinct extending parallel to the proximities of setae Sc 3 , but slightly diverging at the end. Setae: 3 scutal pairs-Sc 1 , Sc 2 , Sc 3 ( fig. 4, 8) .
Redescription

Amblyomma oblongoguttatum
Ventral surface ( (Fig. 1) . Ventral (Figs. 1, 6 ): Basis capituli as illustrated. Hypostome -compact, spatulate, length from apices to post hypostomal seta 0.117 ± 0.004 (0.111-0.124), dental formula 2/2 in file teeth, apical corona usually with 9 denticles (fig. 7) ; 1 pair of hypostomal setae (Ph 1 ).
Palpal setae (Figs. 1, 5, 6): 10 setae on tibiotarsus, 6 terminal (Ttt 1 -Ttt 6 ), 2 paraxial (Ttp 1 , Ttp 2 ) and 2 antiaxial (Tta 1 , Tta 2 ) (fig. 7) ; 6 genual setae, 1 paraxial (Gp 1 ), 1 antiaxial (Ga 1 ), 3 dorsal (Gd 1 , Gd 2 , Gd 3 ), and 1 ventral (Gv 1 ); 6 femoral setae, 1 paraxial (Fp 1 ), 2 antiaxial (Fa 1 , Fa 2 ), 1 dorsal (Fd 1 ), and 2 ventral (Fv 1 , Fv 2 ); trochanter 0.
LEGS: Coxa I with 2 triangular short spurs, the external slightly larger; coxa II and III each with 1 short triangular spur (Fig. 9) . Setae: 3 on coxa I, 1 anterior (CIa), 1 posterior (CIp) and 1 paraxial (CIpa); coxa II and III, each with 2 setae, 1 anterior (CIIa, CIIIa) and 1 posterior (CIIp, CIIIp (Fig. 2, 3, 10) . 
Discussion
The chaetotaxy of the idiosoma, palpi and tarsus I of the A. oblongoguttatum larva was generally similar to other Amblyomma species, except for the tibiotarsal segment and group dII of the tarsus I. The tibiotarsal segment of the palpi presented 10 setae (Figs.7) , as also observed in the larvae of Amblyomma varium Koch, Amblyomma dubitatum Neumann, Amblyomma parvum Aragão and Amblyomma pseudoparvum Guglielmone, Mangold and Keirans (Amorim & Serra Freire 1996; Amorim & Serra Freire 1999a; Guglielmone et al. 1990 ). The larvae of Amblyomma rotundatum Koch (Amorim & Serra Freire 1995) showed seven setae on this segment, larvae of A. ovale and A. pacae 11 setae (Barbieri et al. 2008a; Barbieri et al. 2008b) , and the larvae of Amblyomma cajennense (Fabricius), Amblyomma longirostre (Koch) and Amblyomma brasiliense Aragão had 12 setae (Famadas et al. 1997; Barros-Battesti et al. 2005; Sanches et al. 2009 ).
Tarsus I of the larvae of A. oblongoguttatum is in accordance with the genus Amblyomma as stated by Clifford and Anastos (1960) , with the tarsal formula 2:2:2:2:2 of the dorsal setae. However, we found five setae in group dII of the larvae of A. oblongoguttatum (Fig. 2, 10) , as in A. rotundatum (Amorim & Serra Freire 1995) , A. varium (Amorim & Serra Freire 1996) , A. ovale (Barbieri et al. 2008a) , and A. pacae (Barbieri et al. 2008b) . In contrast, six setae were found in group dII of the tarsus of A. parvum and A. pseudoparvum (Guglielmone et al. 1990 ) and A. dubitatum (Amorim & Serra Freire 1999a) , whereas seven setae were reported for A. cajennense, A. longirostre, and A. brasiliense (Famadas et al. 1997; Barros-Battesti et al. 2005; Sanches et al. 2009 ).
The idiosoma of the A. oblongoguttatum larva contained lyrifissures, small glands, and large wax glands. These structures presented typical morphological features as described in the literature (Schulze 1942; Dinnik & Zumpt 1949; Barbieri et al. 2007) , and were found isolated or associated over the entire idiosoma, except on the scutum where large wax glands were not observed.
Large wax glands are the less numerous integumentary structures, but they are the most stable, with minimal frequency variation between specimens when compared to lyrifissures and small glands. This stability in the frequency of large wax glands was also observed in the larva of A. cajennense, A. longirostre, A. parvum, A. rotundatum, A. ovale and A. pacae (Barbieri et al. 2007; Barbieri et al. 2008a; Barbieri et al. 2008b) . In A. oblongoguttatum, we found four pairs on the ventral surface, three located behind each coxa (segments III, IV and V), and one on the 5 th festoon (segment XIII), and a single dorsal pair located on the posterior lateral margin of the body (segment VIII) (fig. 4) .
The large wax arrangement of A. oblongoguttatum is in accordance with Clifford and Anastos (1960) for the genus Amblyomma, and confirmed for A. cajennense (Famadas et al. 1997; Barbieri et al. 2007) , Amblyomma glauerti Keirans, King and Sharrad, Amblyomma variegatum (Fabricius) , Amblyomma americanum (Linnaeus) (Klompen et al. 1996 ), A. parvum, A. rotundatum (Barbieri et al. 2007 , A. pacae (Barbieri et al. 2008b) , and Amblyomma brasiliense (Sanches et al. 2009 ). However, the larvae of Amblyomma tuberculatum Marx, Amblyomma geomydae (Cantor), Amblyomma babirussae Schulze (Klompen et al. 1996) , Amblyomma aureolatum (Pallas) (Arzua, 2002 ), A. longirostre (Barros-Battesti et al. 2005 Barbieri et al. 2007) and A. ovale (Barbieri et al. 2008a) possess one additional ventral pair on the 4 th festoon (segment XII); moreover, the larva of A. geomydae has an additional pair on segment V; A. barbirussae has two additional pairs on segment V and one pair on X, and A. longirostre has an additional dorsal pair (WdV 1 ) on segment V.
The larval idiosoma of A. oblongoguttatum possesses 11 and 13 pairs of lyrifissures in the dorsal and ventral surfaces, respectively (fig. 4) . The numerical and topographic pattern of lyrifissures in A. oblongoguttatum is similar to those observed in the larvae of A. cajennense, A. longirostre, A. rotundatum, A. ovale and A. pacae (Barbieri et al. 2007; Barbieri et al. 2008a; Barbieri et al. 2008b) . In the A. parvum larva there are 12 pairs of lyrifissures on the ventral surface and the lyrifissure of the segment XIV is absent.
Small glands are the most numerous structures on the idiosomal segments of the A. oblongoguttatum larva, including on the dorsal scutum, however they are less stable. According to Barbieri et al. (2007) this variation appears to be a function of the greater number of small glands present on the idiosoma, since the least variation was observed in the large wax glands, which have the lowest number on the idiosoma. This pattern of variation has previously been reported for larvae of other species within the genera Rhipicephalus Koch (Nawar & Madbouly 1985) , Amblyomma, Dermacentor Koch and Ixodes Latreille (Klompen et al. 1996) , as well as in A. cajennense, A. longirostre, A. parvum, A. rotundatum (Barbieri et al. 2007) , A. ovale (Barbieri et al. 2008a) and A. pacae (Barbieri et al. 2008b) .
The patterns of lyrifissures, small glands, and large wax glands observed in A. oblongoguttatum are similar to patterns found in other Neotropical Amblyomma species (Barbieri et al. 2007; Barbieri et al. 2008a; Barbieri et al. 2008b) . However, when a particular group of these structures is compared between species, clear differences can be observed. The arrangement of the large wax glands is similar in A. oblongoguttatum, A. cajennense, A. parvum, A. rotundatum, A. pacae, A. aureolatum and A. brasiliense, but is distinct for larvae of A. longirostre and A. ovale by the presence of two pairs of large wax glands on the 4 th and 5 th festoons (segment XII and XIII) (Arzua 2002; Barbieri et al. 2007; Barbieri et al. 2008a; Barbieri et al. 2008b; Sanches et al. 2009 ). Similar patterns are also observed for small glands between Amblyomma species, but some differences can aid differentiation of species, such as the number of small glands distributed on the idiosoma and the association between two types of structure in the same segment. For example, segment IX series 6 in the ventral surface of the A. oblongoguttatum larva has the lyrifissure (LvIX 6 ) only, and the same is seen in A. cajennense and A. parvum; on the other hand, in A. longirostre, A. rotundatum, A. ovale and A. pacae this segment and series has the lyrifissure and small gland (LvIX 6 ; SvIX 6 ) (Barbieri et al. 2007; Barbieri et al. 2008a; Barbieri et al. 2008b) .
Currently, larval morphological descriptions are available for only 17 Amblyomma species out of the 30 species from the Brazilian tick fauna (Amorim & Serra-Freire 1994a; Amorim & Serra-Freire 1994b; Amorim & Serra-Freire 1995; Amorim & Serra-Freire 1996; Amorim & Serra-Freire 1999a; Amorim & Serra-Freire 1999b; Amorim & Serra-Freire 2000; Arzua 2002; Barros-Battesti et al. 2005; Estrada-Peña et al. 1993; Famadas et al. 1997; Guglielmone et al. 1990; Barbieri et al. 2008a; Barbieri et al. 2008b; Sanches et al. 2009 ). While all these descriptions provide general measurements of the body and chaetotaxy, complete porotaxy (lyrifissures, small glands, and large wax glands) has been reported for only six species (A. cajennense, A. parvum, A. rotundatum, A. longirostre, A. ovale, and A. pacae) (Barbieri et al. 2007; Barbieri et al. 2008a; Barbieri et al. 2008b ). Since chaetotaxy is generally highly conserved among Amblyomma spp. (Barbieri et al. 2007) , porotaxy is indeed a valuable target to be included in a taxonomic key for larvae of the Neotropical Amblyomma species, yet to be constructed.
